I. INTRODUCTION
A cantilever beam with heavy loads mounted along the beam can be used as a basic representative model for a number of flexible advanced engineering structures [5] . Large sudden variations in the loads often make such a system difficult to control. Although a robust controller may be able to control the system to a certain extent, its performance may not be sufficiently satisfactory [Z].
Alternatively, an adaptive controller may be used, however its transient performance may be poorer than desired, thus limiting its application [4] . The MMAC method, which switches between multiple models, was proposed by Narendra and Balakrishnan [l] to improve the transient response of classical adaptive control. One disadvantage with their scheme, however, is that it requires many fixed models to achieve satisfactory performance, thus increasing the computational load. Furthermore, large numbers of fixed models may result in undesirable switching between competitive models, causing deterioration in system performance.
In this paper, a modified MMAC that uses only one fixed robust controller and one adaptive controller, together fixed end. Modal analysis in ANSYS" is used to find the natural frequencies and to form the beam's transfer function [3] .
The analysis shows that the DC gains for the 3d and higher modes of vibration are very small compared to the 1" and 2"d modes, therefore it is adequate to build a mathematical model of the system based only on the first two modes. The models are 4'-order with very low damping factors (less than 0.03 for Model 1).
The first two natural frequencies of the system are shown in Table 1 for five different loading models, with loads L, and Lz expressed as percentages of the mass of the beam. MATLAB" is then used to transform the five continuous-time models into their discretised counterparts.
ID. MULTIPLE MODEL ADFTIVE CONTROL
The MMAC method assumes a set of fixed models that are a priori known and an adaptive model that continuously optimises its parameters to suit the plant's current particular parameters. For each model M,, a controller Ci is designed to satisfy the control objective for Mi. At every sampling instant, a switching scheme based on a minimum-error performance index selects between controllers in order to provide the most appropriate control input to the plant. In parallel, the adaptive controller tunes its parameters to optimise the system accuracy. The pedormance index can be defined as follows [l] :
with a simple switching supervisor scheme, is proposed. Experiments on a cantilever beam system with large varying loads show that the proposed strategy offers improved system performance.
where e,(k)=Kk)-Xk) represents the error between the model M, output j,(k) and the plant output Hk); j is the time index; a and j are the weighting factors for the instantaneous and long term accuracy, respectively. 
